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Carbon capture and sequestration technologies emerge as the effectual remediation processes to reduce CO2 
emissions from coal power plants. Integrated gasification combined cycle (IGCC) is a representative technology 
for utilizing coal as feedstock and is consequently playing a more important role to cover the global energy 
demand.  
The IGCC produces H2-rich mixture at high pressures (30-35 bar) after capturing CO2. It is reported that the high 
purity H2 recovered from the IGCC process can be economically supplied to a hydrogen turbine or fuel cell. And 
a PSA process is a strong candidate to produce high purity H2 from the IGCC effluent gas. However, due to 
higher operating pressure than the present H2 PSA processes, reducing the operating costs and efficiency has 
emerged as one of the key issues.  
In this study, H2 PSA process for IGCC syngas was developed experimentally and theoretically. Breakthrough 
and PSA experiments using activated carbon or activated carbon/zeolite LiX were performed at 25, 30 and 35 
bar by using a five-component simulated hydrogen syngas (H2:CO:N2:CO2:Ar = 88:3:6:2:1 mol%). The 
separation performance was evaluated by adsorption pressures, P/F ratio, and feed flowrate. The two-bed PSA 
process produced 99.95% H2 with 73.30% recovery experimentally. In the simulation study, a four-layered bed 
PSA at 35 bar was able to produce 99.97%-purity H2 with 79% recovery. Since impurities were Ar and N2, the 
recovered H2 could be applied to fuel cell. The quality of tail gas from the PSA process could be used for the gas 
turbine without losing H2 and CO. In addition, a purification PVSA was developed to upgrade a CO2/N2 mixture 
captured as a feasibility study for a second capture unit or captured CO2 purifier. 
The developed H2 PSA was integrated with the overall syngas process, which consist of WGSR, AGRU, SRU, 
and carbon capture unit. To evaluate overall carbon capture and H2 generation efficiency, the exergy analysis 
for whole integrated process, based on second law of thermodynamic, was carried out and the cost and 
electricity per ton of CO2 capture were evaluated. Finally, the development direction for reducing energy 
consumption and value of H2 was suggested from the energy efficiency and carbon reduction.  
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Figure (a) Experimental results of H2 PSA for IGCC syngas at 25-35 bar (b) Overall process of IGCC 
syngas with H2 PSA for exergy analysis. 
